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ABSTRACT

A seepage test was performed for two Argonne MNational Laboratory - West
(ANL-W) sanitary wastewater treatment ponds, Facility 779. The test period
was August 28 to September 14, 1992. The southwest pond seepage rate is
estimated to be 0.20 inch per day based upon the field data collected between
August 31 and September 10, 1992. The north pond seepage rate is estimated
to be 0.02 inch per day based upon the field data collected between August 31
and September 14, 1992.
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SEEPAGE TEST

INTRODUCTION

The ANL-W 779 sanitary wastewater treatment ponds are Tocated on the
Idaho National Engineering Laboratory (INEL), north of the Argonne Nationail
Laboratory - West (ANL-W} site. Seepage rates were measured to determine if
the ponds are a wastewater jand application facility. The common industry
standard for wastewater land application facilities is a field-measured
seepage rate of one quarter inch per day or greater.

The southwest pond receives ANL-W wastewater and has gently sloping
sides covered with rounded cobbles and a bentonite liner bottom {(ANL-W lLetter
of October 12, 1992). This is a small pond and the wastewater surface area

‘was approximately 0.6 acres during the test period.

The north pond receives wastewater from the southwest pond under normal
operating conditions. The north pond has synthetically lined sides covered
with rounded cobbles and a bentonite Tiner bottom (ANL-W Letter of October 12,
1992). This larger pond had a wastewater surface area of approximately 1.5
acres during the test period.

The two tested ponds have been in use for several years. A third pond
was not tested, has not been in use since 1983, and is now used for emergency
overflow only (ANL-W Letter of October 12, 1992). Drawing IPE-75C-1 shows the
location and configuration of the ponds.



PROCEDURE

The test procedure was based upon the guidelines provided by the Idaho
Division of Environmental Quality. The guidetines for evaluating seepage
rates are presented in Appendix A. The seepage test deviated from the
guidelines in the following areas.

The stilling well for the southwest pond was located in the
transfer structure and the stilling well for the north pond was
located near the south end of the pond. The guidelines recommend
locating stilling wells in the center of ponds.

The southwest pond received influent during the test period. The
guidelines recommend blocking influent fiows.

Multiple personnel wére ytilized to perform the test. The

guidelines recommend that one individual be responsible for all
measurements.

DATA COLLECTION

Data collection began August 28 and conciuded September 14, 1992, for a
total of 16 days. Water surface measurements were recorded each Monday,
Wednesday, and Friday morning, with the exception of Labor Day week when
measurements were taken on Tuesday and Thursday mornings. Pump operating
times were reported by ANL-W persomnel. Precipitation was recorded by EG&G

~ Idaho, PTI, and ANL-W personnel. Air temperature was monitored continuously
and reported by NOAA personnel.

INFLUENT

During the test period, production of wastewater could not be avoided
and the wastewater could not be diverted. However, transfer of wastewater
between the ponds was discontinued. The southwest pond received influent and
had no effluent. The north pond had no influent or effluent.
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The southwest pond received wastewater from ANL-¥ during the test
period. Two pumps are used by the wastewater system. Pump meter readings
were not recorded, but estimates of pump operating durations were provided.
The discharge rate of each pump was reported to be 50 gallons per minute. The
southwest pond influent was computed using the estimated operating time and
the pump discharge rate.

EVAPORATION AND PRECIPITATION

The pond evaporation rate was estimated by correlation with a measured
evaporation rate in a large pan. The Class A evaporation pan was located on a
berm of the southwest pond and the water surface was measured using a hook
gage.' The change in water surface was the net pan evaporation rate. A rain
gage was used to measure the precipitation. The rain gage was attached to a
post of the fence surrounding the ponds. The air temperature was recorded and
the mean air temperature was calcuilated. A coefficient was selected based
upon mean air temperature. The coefficient was applied to the net pan
evaporation, less the precipitation, and the net pond evaporation rate was
estimated.

SEEPAGE

The water surface of the two ponds was measured using two stilling wells
and a hook gage. The stilling well for the southwest pond was located inside
the transfer structure between the southwest and the north ponds. The
stilling well for the north pond was a stand-alone stilling well which was
placed in the north pond near the south end. The change in each pond water
surface was equated to the net flow, net evaporation, and seepage. The
seepage rate for each pond was caiculated by solving the equation. The
calculations are presented in Appendix B.



CONCLUSION

The mean seepage rate for the southwest pond is based upon four tests

conducted from August 31 to September 10, 1992. The mean seepage rate for the

north pond is based upon five tests conducted from August 31 to September 14,
1992. The test period from August 28 to 31, 1992, was not utilized. A
measurement error may have occurred that resulted in an unreasonable pan
evaporation rate of 1.1 inch per day for the period. The test period from
September 10 to 14, 1992, was not utilized for the southwest pond. Pump
operating time estimates were not sufficient to estimate the influent for the
period.

The mean seepage rate for the southwest pond is estimated to be 0.20
inch per day. The seepage rates have a standard deviation of 0.11 inch per
day. The 95% confidence interval of the mean seepage rate has an upper limit
of 0.37 inches per day and a Tower limit of 0.03 inch per day.

The mean seepage rate for the north pond is estimated to be 0.02 inch
per day. The seepage rates have a standard deviation of 0.09 inch per day. -
The 95% confidence interval of the mean seepage rate has an upper limit of
0.13 inch per day and a lower limit of -0.10 inch per day.

The calculations are presented in Appendix B which contains an
Engineering Design File (EDF) prepared to document this test. The EDF
contains a graph of the test results, mean seepage rate, and confidence
interval for each pond. The mean field-tested seepage rate of each pond is
less than the industry standard wastewater land application rate.
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APPENDIX A

IDAHO DIVISION OF ENVIRONMENTAL QUALITY

GUIDELINES FOR EVALUATING SEEPAGE RATES
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Post Oliice Box 1626, Twin Falls, 1D 833031626, (208) 7349520

IDAHO DEPARTMENT
OF HEALTH AND WELFARE

& DIVISION OF
B3 ENVIRONMENTAL QUALITY

N

September 4, 1891

WATER QUALITY PROGRAM GUIDANCE
No. MFC-B

SUBJECT
Procedure for evaluating wastewater treatment lagoon seepage rates.
PURPOSE

To establish a uniform standard procedure by which new and existing
wastewater treatment lagoons can be evaluated to determine status
of compliance with State seepage rate requirements.

DISCUSSION

Wastewater treatment lagoons constructed in the State of Idaho are
required to meet a site-specific seepage rate as prescribed by the
Department of Health and Welfare, Division of Environmental
Quality. In the past, measurements to determine compliance with
the required seepage rate have been performed utilizing a wide
variety of instruments and procedures. Adoption of a standard
testing procedure will ensure consistent seepage measurement
technigues.

POLICY
1. Division of Environmental Quality staff will provide seepage

rate allowances to the entity proposing to construct
wastewater treatment lagoons.

2. All wastewater treatment lagoon plans and specifications
submitted to the Division of Environmental Quality for review
and approval must contain the following standard procedure.

3. Seepage test data must be submitted for review and approval.

Originator

Manager, Municipal Facilities Construction

Chief, Water Quality Bureau

"7 Cacil D. Anarus, Governor | Achard P Donovan, Dwector
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Lagoons to be tested should be filled and maintained at design
operational depth for at least two weeks prior to the beginning of
the test period to allow for initial saturation (saturation period
not required for synthetic lined lagoons}. Measurements are to be
taken at least every three (3) days over a period of fifteen (15)
days (0,3,6,9,12,15) or until a consistent pattern is evident. One
individual is to be responsible for all measurements and the
measurements should be taken at the same hour of each test day.

Equipment

Precipitation gauge

Temperature recorder

Class A evaporation pan and stilling well

Hook gauge with Vernier scale accurate to 0.001 ft.
Appropriate length of 6 inch PVC pipe {(Class 150 for
stability) with suitable anchor support base for use as lagoon
stilling well

Platform with support or boat for access to lagoon stilling
well

7. Any necessary flow monitoring equipment.

U W=
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vaporatio recipitatio

A precipitation gauge is to be set up and monitored daily. The
evaporation pan should be located on a level area as close to the
lagoon as possible. If necessary, shims should be used to level
the pan. The obvious concern is to try to duplicate lagoon
exposure as nearly as possible (sun, wind, rain, etc.). The
stilling well should be anchored in the pan with a rock or two and
not moved once the test period begins. Initial water level in the
pan should be about two (2) inches below the lip. Air temperature
is continuously monitored to obtain the mean air temperature during
the test period. The pan evaporaticn is multiplied by the pan
coefficient (Table 1) to obtain the lagoon evaporation.

Lagoon Seal

The lagoon stilling well should be installed as near to the center
of the cell as pecssible. The stilling well must be installed at
90 degrees to the water surface for accurate measurements. Access
to the stilling well is by boat or by installing a temporary
platform. (DO NOT impinge upon the stil.ing well). Mark a spot
on the top of the stilling well to be used as a position indicator
for the hook gauge. All measurements must be taken with the hook
gauge in the same position.

Hook gauge readings shall be repeated a minimum of seven (7) times
and numerically averaged.

Influent/effluent flows should be blocked to avoid unnecessary
complications due to flow measurement errors.

*—‘ D
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General Notes

1. A water source will be necessary for both the lagoon and the
evaporation pan.

2. When constructing new lagoons, it may be more practical to
install a permanent stilling well before filling the lagoon
rather than to use a temporary set-up.

3. A construction level will help in setting up the equipment
properly.

4. On cloudy days, a flashlight may be helpful in seeing the hook
gauge inside the stilling well.

Definitions
S, is the seepage rate in inches per day.
S; is the seepage rate in gallons per acre per day.
E,, is the pond surface elevation, day 1 in inches.
E,, is the pond surface elevation, day n in inches.
ES is the pond surface elevation change in inches (E,, - E,.).
Positive if the n day surface is lower than day 1; negative if the

n day surface is higher than day 1.

I is the net pond evaporation which equals the net corrected pan
evaporation in inches ( may be a positive or negative number }.

Q is the net effluent flow. May be positive (effluent > than
influent flow) or negative (effluent < than influent flow). Value
is zero if influent and effluent flows are blocked.

n is time in days.

P is pan coefficient from Table 1.

E,a 18 the evaporation pan surface, day 1 in inches

E,unn i5 the evaporation pan surface, day n in inches.



Equation

Equation

Equation

Equation

Equation

'8,

Calculations

S, = ES-1-0
n

S, (in){ft)({lagoon surface area ft*)(7.48 gals.)

(day) (12 in)(ft”)
Lagoon surface area in acres

ES = E,, - E,

I = P[precipitation + E,, - E,,] - precipitation

Q = {eff. w - influent flow in gals.)(ft’)(12in

(lagoon surface area ft°)(7.48 gals.)(ft.)

! wd wd A
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MEAN TEMP. °F COEFFICIENT
30 1.2
35 0.953
40 0.907
45 0.860
50 0.814
55 0.767
60 0.721
65 0.674
70 0.628
75 0.581
80 0.536
B5 0.488

Table 1

PAN COEFFICIENT



Pan Evaporation

I = P{recipitation + E,, = E,..] - Precipitation

NOTE:

Solving for I in the above equation assumes that the
precipitation event was short duration. If a
precipitation event during a seepage test is of extended
duration P should be multiplied by the factor:

n _hours - precipitation hours

n hours
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Lagoon Liner - Liner integrity of each individual cell shall be
evaluated in the following manner:

a. Evaporatign -~ Shall be measured wutilizing a Class A
evaporation pan and stilling well arrangement. Measurements
accurate to 0.012 inch (0.001 foot) shall be taken six (6)
times over a period of fifteen (15) days (day 0,3,6,12,15).
The pan coefficient for comparison is dependent on the mean
air temperature (°F) over the test period and shall be taken
from Table 1.

b. Precipitation/Air Temperature - Precipitation shall be
measured using a standard precipitation gauge accurate to the
nearest 0.01 inch. Measurements shall be recorded following
each precipitation event. Air temperature (°F) shall be
continuously monitored and recorded.

c. Lagoon - New Cells - Shall be filled and maintained at design
operating level for at least two weeks prior to testing (not
required for synthetic liners). During the test period,
influent/effluent flows shall be blocked. A level, fixed
stilling well located as near to the center of the lagoon as
possible shall be used at the point for measurement.
Measurements accurate to 0.012 inch (0.001 foot) shall be
_taken six (6) times over a period of fifteen (15} days (day
0,3,6,9,12,15).

Lagoon ~ Existing Cells - Influent/effluent flows shall be
blocked and the above procedure followed.

Definitionsg
5. is the seepage rate in inches per day.
S, is the seepage rate in gallons per acre per day.
E.;, is the pond surface elevation, day 1 in inches.
E,, is the pond surface elevation, day n in inches.
ES is the pond surface elevation change in inches (E, - E_}.
Positive if the n day surface is lower than day 1; negative if the

n day surface is higher than day 1.

I is the net pond evaporation which equals the net corrected pan
evaporation in inches ( may be a positive or negative number ).

Q is the net effluent flow. May be positive (effluent > than
influent flow) or negative (effluent < than influent flow}. Value
is zero if influent and effluent flows are blocked.

n is time in days.

P is pan coefficient from Table 1.

Epan; is the evaporation pan surface, day 1 in inches

Epaa n is the evaporation pan surface, day n in inches.



Equation

Eguation

Equation

Equation

Equation

5:

S, =

5, = S, (in)(ft)(lagoon surface area ft?)(7.48 gals.)

Calcunlations

ES ~-1-20
n

(day) (12 in)(ft")
Lagoon surface area in acres

E§ = Ell = Eln

1 = P[precipitation + B, - Eam] - Precipitation

Q=

ff. flow - influent flow als.)(ft3y(12in

(lagoon surface area £t®)(7.48 gals.)(ft.)

.
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APPENDIX B

ANL-W 779 SEEPAGE CALCULATIONS

(EDF ANL779-DRB-01)
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Project File Number_0]5578
EGEE 1dano, Inc
FORM EGAG-2631 {Rev. 12-88) EDF Seria) Number _ANL773-DRE-01

Functional File Number

ENGINEERING DESIEN FILE

Project/Task _ANL-W 779 POND SEEPAGE TEST

Subtask _ESTIMATE POND SEEPAGE RATE EDF Page __1 of

—lof .1

Subject: PROCESS FIELD TEST DATA

Abstract:

The following calculations pertain to the seepage rate of the ANL-W
779 wastewaier ponds. A field test began August 28 and concluded
September 14, 1992. The estimated seepage rate for the southwest pond is
0.20 inch per day and based upon field data collected between August 31
and September 10, 1992. The estimated seepage rate for the north pond is
0.02 inch per day based upon field data collected between August 31 and
September 14, 1992.

References:

Idaho Division of Environmental Quality Guidelines for Evaluating Seepage
Rates.

Probability and Statistics for Engineering and the Sciences, Jay L.
Devore, 1982, Brooks/Cole Pubiishing Company.

Attachments:

Field Data Sheets

Temperture Record Sheet

Memo of Conversation - Pump Record Sheet
Seepage Calculations Speadsheet

Seepage Sample Calculations

Statistical Amalysis and Graph

Drawing IPE-75(C-1

Author Dept. | Distribution (complete package): D. R. Braun,
C. J. Martin, Project File No. 015578

Distribution (cover sheet only): N. K. Rogers, S.
L. Austad
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Approv Date
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" POND SEEPAGE FIELD DATA
ARGONNE NATIONAL LABORATORY - WEST
IDAHG NATIONAL ENGINEERING LABORATORY

Project File No. 015578
Field Engineer: H. W. Clifford, EG&G Idaho, E220
Civil Engineer: D. R. Braun, EG&G Idaho, E540

Page 1 of 4
PAN

Day/Date Time First Last

a.m. Reading Reading

(feet) (feet)

00/F/_8/28/92 XXX 2.2}
03/M/_8/31/92 (.92«
05/W/_9/02/92 1.880
07/F/_9/04/92 1.863
11/T/_9/08/92 . 808
13/7/_9/10/92 L. 760
16/M/_9/14/92 xy . 668
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POND SEEPAGE FIELD DATA
ARGONNE NATIONAL LABORATORY - WEST
IDAHO NATIONAL ENGINEERING LABORATORY

Structure: Southwest Sanitary Wastewater Treatment Pond
Project File No. 015578

Field Engineer: H. W. Clifford, EG&G Idaho, E220

Civil Engineer: D. R. Braun, EG&G Idaho, E540

Page 2 of 4

SOUTHWEST POND

Day/Date Readings, (feet)
3 4

00/ 8/28 0.093 o0.091 ©.0%1 091 Lo93 Q.09 L eo%3

03/ 831 ©.286 £.237 0239 2237 £.237 Oz3¢ ©237

05/ 9/02 ©.317 @£.317 ©.315 0319 Oz L. L£317
07/9/04 O 4B D42 Do O4F8 OATh L4328 _od3
11/ 9/08 O. 435 D458 @45t Ofid 2458 O4BR £.LE
13/.9/10 0.2 7¢ OS5 L3582 _O.568 £y _oszrz NHSew
16/ 918 D77% Q785 0 778 L A7 2776 O.7




Structure:

Day/Date

00/_8/28
03/_8/31
05/_9/02

POND SEEPAGE FIELD DATA
ARGONNE NATIONAL LABORATORY - WEST
IDAHO NATIONAL ENGINEERING LABORATORY

North Sanitary Wastewater Treatment Pond
Project File No. 015578

Field Engineer: H. W. Clifford, EG&G Idaho, E220
Civil Engineer: D. R. Braun, EG&G Idaho, E540

1.398

Page 3 of 4

NORTH POND

Readings, (feet)
3 4

L3377 (398 1.397 (.39%8 (397 /393

[ 358

[.35% [35¢ L2354 L2585 L2559 L3257

1.3s2

07/_8/04

1.332

11/_9/08

1293

13/_9/10
16/_9/14

(226
oS

[352 /354 4353 ¢3S L3250 L3S/
/.330 _[.332 A332 4332 [J.ZT20 L3232
L2B7 [2Pe 1.28Y _L2P¥ [26. LZE¥
(226 [2z25 L2zl r229 L2288 L22C
b b1y 11Qe L8 (e /.l6é
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POND SEEPAGE DATA
ARGONNE NATIONAL LABORATORY - WEST
IDAHO NATIONAL ENGINEERING LABORATORY

Project File No. 015574
Field Engineer: H. W. Clifford, EG&G Idaho, E220
Civil Engineer: D. R. Braun, EGAG Idaho, ES540

Page 4 of 4

Day/Date Reading

PRECIPITATION GAGE

Day/Date Reading

Day/Date Reading

(inches) {inches) (inches)
00/_8/28 XXX 07/.9/4 _ _ 0.0 14/_9/1)
01/_8/29 08/_9/5 0.10 15/_9/12 0
02/_8/30 09/_8/6 0.20 16/_9/13 1]
03/_8/31 0 10/ .9/7 0.20 17/_8/14 0
04/ 9/1 = _ 022 11/ 9/8 0
05/_9/2 0.25 12/_8/9
06/_9/3 0 13/.8/10 0



Daily Mean Temperatures for EBR2 (l0m level)
Prepared by Neil Hukari (Phone: 526-2744, INEL Mail Stop 2600)

U. 8. Department of Commerce

National Oceanic and Atmospheric Administratioen
Envirsnmental Research Laboratories

Air Resources Laboratory

Field Rasearch Division

1750 Foote Drive

Idaho Falls, ID 83402

Date 1l0m level EBR2 Number
mean temperature observations
(deg F.) (pent available) Naotes
23 Aug 1992 68.5 240 (100.0)
29 Aug 18%2 63.8 240 (100.0)
30 Aug 1992 64.4 240 (160.0}
31 Aug 1992 56.9 240 (100.0Q)
1 Sep 1992 £5.7 240 (100.0)
2 Sep 1992 62.0 240 (100.0) 3 estimated observations
3 Sep 1992 62.0 240 (100.0} 2 estimatad obsarvations
4 Sap 1992 54.9 240 (100.0) 7 estimated chservations
5 Sep 1g82 §2.0 240 (100.0) S estimated cbservaticns
6 Sem 1992 50.4 240 (1C60.0) 3 estimated observations
7 Sep 1992 46.4 240 (100.0) 39 estimated cbservations
5 Sep 1992 57.3 240 (100.0) 2 estimated cbservations
9 Sep 1992 £48.6 240 {100.0) % estimated cbservations
10 sep 1292 59.5 240 (100.0) 8 estimated obsarvations
1l Sep 19292 (64.3) 240 (100.0) CFA Data; EER2 unavailable
12 Sep 1982 (57.6) 240 (100.0) CFA Data; EBR2 unavailable
13 sep 1992 "{48.9) 240 {100.0) CFA Data; EBR2 unavailable

Averages are based on data set cf temperature averages taken at
5ix minuta intarvals.
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EG&G idarc, 1nc.

FORM EGRG-0561

{Rev. 05-88)

MEMO OF CONVERSATION
PERSON CALLING: _DeAnna R, Braun DATE: _September 1992
REPRESENTING ORG: _EG&G Idaho TIME: AM: __ PM: __
PERSON CALLED: _Chris J. Martin PHONE NUMBER: 533-762]

REPRESENTING CO: ANL-W

SUBJECT: ANL-W 779 POND SEEPAGE TEST - Pond Influent

Initially one pump meter was recorded. When the influent quantities were
considered too low, another pump meter was identified. The following are
estimates of the pumping durations. The discharge rate of the pumps is 50
gallons per minute.

DATE PUMP

(minutes)
8/28

603.4
8/29

307.6
9/1

302.8
9/2

302.8
9/3

307.6
9/4

583.9
9/8

284.0
9/9

1338.8
9/14

231.4

An additonal 6000 gallens to 8000 gallons was discharged on approximately 9/11.

DISTRIBUTION a: _Project File No. 015578

SIGNATURE: (7 £ freecor
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POND SEEPAGE TEST (ANL-W 779)
Project File No. 015578, EDF ANL779-DRB-01
SEEPAGE SAMPLE CALCULATIONS
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Hand Calculations for Verification of Spreadsheet Calculations
For Test Period September 2 - 4, 1992
PAN CHANGE
From Field Data Sheet, 1.880 - 1.863 = 0.017 ft * 12inch/ft = 0.204 inch
PRECIP
From Precipitation Record Sheet, 0.1 inch

PAN TEMP COEFF

Calculate Average Temperature for Test Period, From Temperature Record
Sheet, Round to Nearest 5 degree Increment, 62 degrees

Identify Corresponding Temperature Coefficient, Frdm Idaho Guidelires for
Evaluating Seepage Rates, 0.721

NET POND EVAP

Net Pond Evap = Temp Coeff(Precip + Pan Change) - Precip
= 0.721(0.1 + 0.204) - 0.1 = 0.119 inch

SOUTHWEST POND INFLUENT

From ANL-W 610.4 minutes * 50 gailons per minute = 30,520 gallons
SOUTHWEST POND NET FLOW

Pond Surface Area = 162 x 162 = 26,244 sq.ft.

Net Flow = influent/pond surface area

= (-30520 gal)(l cu.ft. /7 48 gal)(12 in/ft)/26,244 sq.f%.
= -1.866 inch
POND CHANGE

SOUTHWEST POND

From Field Data Sheet

Average of 9/02 = 0.317 ft

Average of 9/04 = (0.438 ft

Pond Change = 0.317 - 0.438 = -0.121 ft ® 12 inch/ft = -1.452 inch

NORTH POND

From Field Data Sheet

Average of 9/02 = 1.352 ft

Average of 9/04 = 1.33]1 ft

Pond Change = 1.352 - 1.33]1 = 0.021 ft * 12 inch/ft = 0.252 inch



POND SEEPAGE TEST (ANL-W 779)
Project File No. 015578, EDF ANL779-DRB-01
SEEPAGE SAMPLE CALCULATIONS

Sept 2, 8:00 a.m. to Sept 4, 8:00 a.m. = 2 days

SEEPAGE RATE

SOUTHWEST POND

Pond Change = Seepage + Net Evap + Net Flow
-1.452 = Seepage + 0.119 - 1.866

Seepage = 0.295 inch

Seepage Rate = Seepage/Time
= 0.295/2 = 0.147 inch per day

NCRTH POND
Pond Change = Seepage + Net Evap + Net Flow
0.252 = Seepage + 0.119 - 0
Seepage = 0.133 inch

Seepage Rate = Seepage/Time
= 0.133/2 = 0.066 inch per day

SIGN CONVENTION

Water Surface Drop = +

Water Surface Rise = -
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POND SEEPAGE TEST (ANL-W 779)
Project File No. 015578, EDF ANL779-DRB-01
STATISTICAL ANALYSIS
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Assumptions: The actual pond seepage rates are nearly constant for the test
period. The actual pond seepage rates are greater than zero based upon the low
water table in the vicinity of the ponds. The fluctuation of the test results
is due to measurement error. The tests will be treated as separate, not one long
test. -

SOUTHWEST POND

Only the period August 31 - September 10, 1992 will be utilized.

MEAN SEEPAGE RATE

Number of Tests = n = 4

Sampie Mean = x = summation of seepage rates / n

Southwest Pond Mean = {0.303 + 0.147 + 0.278 + 0.070) / 4 = 0.200 inch/day
STANDARD DEVIATION

Sample Standard Deviation = s = positive square root of sample variance
Sample Variance = (summation of (test results - sample mean)*2) / n - 1

Southwest Pond Standard Deviation = { ( (0.303 - 0.200)%2 + {0.147 - 0.200)*2 +
(0.278 - 0.200)72 + (0.070 - 0.200)~2 ) / (4 - 1) )~ 1/2 = 0.110 inch/day

CONFIDENCE INTERVAL OF THE MEAN

Assumptions: The number of tests is small (less than 30). The test results
represent a random sample from a normal population.

Confidence Level = 95 % (alpha = 0.05, alpha/2 = 0.025)

Number of Degrees of Freedom =n - 1 =4 -1 =3

t =3.18 (t distribution table)

Upper Limit of Confidence Interval = x + ts/n*1/2

Lower Limit of Confidence Interval = x - ts/n*1/2

Upper Limit of Southwest Pond = 0.200 + 3.18%0.110/4*1/2 = 0.37 inch/day
Lower Limit of Southwest Pond = 0.200 - 3.18*%0.110/4*1/2 = 0.03 inch/day




POND SEEPAGE TEST (ANL-W 779)
Project File No. 015578, EDF ANL779-DRB-01
STATISTICAL ANALYSIS
Page 2 of 3
NORTH POND

Only the period August 31 - September 14, 1992 will be utilized.

MEAN SEEPAGE RATE

Number of Tests = n =5

Sample Mean = x = summation of seepage rates / n

North Pond Mean = (-0.120 + 0.066 + 0.027 + 0.127 + -0.016) / 5 = 0.017 inch/day
STANDARD DEVIATION

Sample Standard Deviation = s = positive square root of sample variance

Sample Variance = {summation of (test results - sample mean)*2) / n - 1

North Pond Standard Deviation = ( ( (-0.120 - 0.017)*2 + (0.066 - 0.017)*2 +
(0.027 - 0.017)%2 + (0.127 - 0.017)72 + (-0.016 - 0.017)*2) / (5 - 1) )}*1/2 =
0.093 inch/day

CONFIDENCE INTERVAL OF THE MEAN

Assumptions: The number of tests is small (less than 30). The test results
represent a random sample from a normal population.

Confidence Level = 95 % (alpha = 0.05, alpha/2 = 0.025)

Number of Degrees of Freedom = n - 1 = 5 - 1 = 4

t =2.78 (t distribution table)

Upper Limit of Confidence Interval = x + ts/n*1/2

Lower Limit of Confidence Interval = x - ts/n*1/2

Upper Limit of North Pond = 0.017 + 2.78%*0.093/5%1/2 = 0.13 inch/day
Lower Limit of North Pond = 0.017 - 2.78*0.093/5%1/2 = -0.10 inch/day
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